INTRODUCTION
An exact technique for determination of age of the European bison, Bison bonasus (Linnaeus, 1758), has not yet been evolved. There was no need for this since for many decades this species has been living exclusively in zoological gardens or reserves, and the absolute age of the animals was known. However, this need arose after the restitution of the species in free-ranging herds. Only in recent years the eruption and replacement of teeth and ccmrlete formation of their crowns were studied, and investigations on age-related attrition of teeth are planned (Węgrzyn & Serwatka, 1984) .
In a closely related American bison, Bison bison (Linnaeus, 1758) tocth eruption and wear in relation to age were studied by Fuller (1959) and Frison and Reher (1970) . Novakowski (1965) and Haynes (1984) estimated the age of these animals also on the basis of the annual growth of tocth cement layers. These authors used a technique of ground sections of Pm4 and Ml etched in formic acid. However, since they were not studying animals of known age, they could not verify the accuracy of their age determinations.
The purpose of this study was the histological analysis of growth layers in tooth cement and dentine of European bison and its crosses with domestic cattle, and assessment of the possibility of using these structures for the determination of age in these animals.
MATERIAL AND METHOD
For the study the first incisors II (exceptionally 13 or C -. see Table 1 ) were used, obtained from 19 bisons from the Polish reserves and 10 bisons from a free-ranging herd in the Białowieża Forest. The dates of birth and death of the animals living in reserves were known, but in the case of the animals from the free-ranging herd only the death date was known. Their age was estimated approximately by Dr. Z. Krasiński, the experienced scientific officer of the National Park in Białowieża, on the basis of the features of teeth, exterior and knowledge of herd structure. Additionally in the study the incisors were used of 9 hybrids of European bison with cattle, obtained from animals of known age, of the first generation (Fl) and back-crosses -BI, B2 with genetic participation of bison of 25°/o and 12.5°/o respectively. The hybrids were living always in large (10 hectares) enclosures in the forest in one of the reserve of the Biało-wieża Forest. Moreover, the incisors were investigated of three cattle: one bull of known age and two adult cows of unknown age.
The material was obtained from the collection of the Mammals Research Institute, PAS in Białowieża, and from the Department of Animal Anatomy, Warsaw Agricultural University (8 bison) .
The teeth were decalcified in 5% nitric acid for 4-6 days and washed then during one day in running water. Transverse sections through the centre of the tooth and longitudinal sections in sagittal plane of the root, 20-30 microns thick, were obtained using a freezing microtome and stained with Ehrlich's hematoxylin. Cement and dentine layers were counted several times at monthly intervals between each counting without considering the age of the animals. The readability of the layers was scored using a five-degree scale taking into account the reproducibility of the estimates of their counts (see Klevezal et al., 1931 ).
RESULTS

Layered Structure of Cement
In European bison as well as in hybrids the total thickness of cemeint on the lingual side of the tooth was greater than on the labial sidie. Narrow, dark-staining incremental lines divided the cement into layers.
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The lines were wavy, differing in contrast. Frequently several faint lines merged to form on very distinct (Photos 1-3, Plate V). More distinct or primary lines and faint accessory lines could be discerned. In the cement on the labial side of the teeth these accessory lines were less numerous than on the lingual side.
In the sections of certain teeth the whole cement stained weakly although dentine took up the stain normally. The external layers of cement were usually damaged in these teeth. These defects were most pronounced in these teeth whose surface was most intensively blanched. (It seems that this was an effect of skull blanching by perhydrol). In European bison from reserves and in hybrids the primary lines in cement were counted in the first incisor (II) on the lingual and labial sides, and all lines (primary and accessory) were counted on the lingual side. The number of lines was compared with the age of tooth, which was -in the case of II -two years lower in relation to the age of an animal (N. B. in the case of 13 and C it was lower by 3 and 3.5 years respectively; according to Węgrzyn and Serwatka (1984) first permanent incisors are replaced at the age of 22-26 months, third incisors at 35-40 months, and canines at 38-44 months). Table 1 shows that the age of a tooth corresponds in the greatest 
degree to the number of primary lines in cement on the lingual side. Probably one primary line is deposited there annually. In cement on the labial side the number of primary lines in animals aged up to 9 years was either equal to or lower than the age of a tooth in years, while in the older animals it was always lower ( Table 1) . The ratio of the number of cement layers, bounded by the primary lines, on the lingual and labial sides of the root may be equal (1:1) during the first 7 years of the life of a tooth. After that time the formation of cement layers on the labial side progresses irregularly (Fig. 1) . The ratio of the number of the primary lines to that of all lines (primary and accessory) in the cement on the lingual side approaches 1:2 (the mean value is 1:1.9). This means that annually one primary line is formed beside one accessory line. This process is, however, not very regular (Table 1) .
Blind counts have demonstrated that the number of lines in cement on the lingual side of the root corresponded in half the cases to the number of years of an individual, in the remaining cases the error was in the range of ± 1 year, and in only two out of 19 cases it was ±2 years ( Table 1) .
One month after calculation of the number of growth layers the teeth preparations of bison of known age were reviewed again. Knowing then the age of the animals it was tried to elucidate the cause of the previous erroneous estimates, and to establish the number of annual layers in cement. Immediately after that, the number of cement layers was counted in hybrids without taking into consideration their age. In all cases the number of cement layers agreed with the age of the teeth (Table 1 ). This shows that satisfactory results can be obtained owing to preceding training in the counting of annual layers.
In free-ranging bison the number of cement layers was counted twice, oęfore and after the above described training. The result of the second ćóUnting was com Pared with the age of the animal estimated approximately on the of teeth condition and external appearance. The obtained results were usually a£:e ein S> but th e last method overestimated the age of older animals ( Table 2 ).
In counting of the number of cement layers on the lingual side attention was paid to the part of the annual layer which was in the stage of formation, that is on the external margin. In all animals dying between October and February this margin contained a dark stained line while in the animals dying in the remaining seasons of the year this site contained either a dark line or a bright band (Fig. 2) .
In cattle growth layers were very distinct. In the animal aged 5 years and 1 month three layers were found. In cattle the first incisors arę replaced at the age of 20-26 months (Habermahl, 1975) . It may be assumed that these were the annual lines. In other animals the accessory lines were also present. Table 2 Results of age determination in free-ranging European bison. Twofold countings of incremental lines in cement before (1) and after (2) 
Layered Structure of Dentine
Layers composed of dark and bright staining bands were well discernible on transverse sections of the teeth of European bison, hybricfe and cattle. Width of the layers decreased towards the centre of tooti and their readability increased. The borderline of secondary dentine was poorly visible (Phot. hybrids, and in all 3 cattle. A comparison of the number of dentine layers with the age of a tooth (Fig. 3) shows that they were mostly annual layers. However, in all studied animal groups cases were encountered of disagreement between the number of dentine layers and age.
In the animals dying in May or June bright dentine layers were present, and in those dying between October and February dark bands were found (with the exception of one animal). In the remaining months in the walls of pulp cavity both dark and bright dentine bands were seen (Fig. 2) .
Annual Layers in Animals from Various Groups
The evaluation of cement layer readability in the five-degree scoring gave the following characteristic of animals studied: bison from the free-ranging herd -2-3, bison from the reserves -3, bisonX cattle hybrids -3-4, cattle -4. Two independent assessments of the number of cement layers in 10 free-ranging bison were different in all animals ( Table 2 ). In bison from reserves and hybrids an agreement of two assessments was observed in only 30% of animals ( Table 1 ). In two (out of three) cattle the count of cement layers in the incisors showed a good agreement.
The number of dentine layers and the age of the tooth (or the number of cement layers, in case of absence of data about the age) were compared. A tendency was observed for greater deviation from the equal ratio in European bison in relation to hybrids and cattle (Fig. 3) .
Three bison (Coll. nos: 87939, 113213, 116256) were living initially in the reserve, and then were released in freedom. In these animals no differences were found in the pattern of dentine and cement layers formed during the life in the reserve and in the forest.
The structure was compared of the annual cement and dentine layers in female bison and hybrids from the reserve in the years when they had calves and in those in which they gave no birth. No changes in the structure of dentine and cement were demonstrated which could be related to pregnancy, parturition or lactation.
Relationship to Birth Season
The relationship was sought for between the structure of growth layers in cement and the season of birth. The studied bison and hybrids were born between March and October. The width of the first cement layer varied in a wide range in various animals, but no relationship of this feature to birth time was noted.
The dark incremental line, bounding the first annual cement layer, only in some animals reached the end of the dental root, more frequently it approached the dentine borderline or disappeared at some distance from the end of the root. This distance was measured in sections passing precisely across the centre of the pulp cavity of II. It was found that in the animals born in autumn and winter this distance was, on the average, nearly five times longer than in those born in spring and summer (Phot. 5-6, Plate VI).
DISCUSSION
Raports have accumulated on cases in which an insufficient readability of growth layers made impossible a precise determination of the animal age, e.g. in the Alaskan moose, Alces alces, of known age from 2 to 11 years the number of cement layers in II agreed with the age of the animals in 56% of cases (Gasaway et al., 1978) . Similarly in the musk ox, Ovibos moschatus, in five independent cement layer counting in 16 animals significant differences were found indicating the unsuitability of this method for age determination (Gronquist & Dinneford, 1984) . In European bison cement layers were also indistinct, but our observations suggested that it was very important in this analysis to select the proper part of a tooth, and to gain some experience in the counting of annual layers. It was found in European bison, that only the number of growth layers on lingual side of the incisor root indicate the age of an individual. In the analysis of the group of hybrids of known age we demonstrated also that experience in the determination of the number of layers reduced the error of age determinations.
The primary lines in cement of the lingual side of permanent II in bison gave a greater contrast than the accessory lines, even when they are fusing. These lines are formed, probably, each year, with the first line appearing in animals three years old. Due to this, the estimated age of an animal will be equal to the number of primary lines plus two. The pirobable error may be ± 1 year.
In certain ungulates secondary dentine has distinct layers. If the age is known, at which the first layer is formed, then the age of the animal may be determined on the basis of this information (cf. e.g. Haagenrud, 1978) , In the bison secondary dentine layers, probably annual, are discernible. However, primary dentine layers are indistinct and the borderline between primary and secondary dentine is not evident. Thus it was not possible to establish at what age of an animal the first layer of secondary dentine is formed. However, the age of a tooth should not be lower than the number of well-visible layers of secondary dentine. Thus counting of dentine layers may be helpful, to some extent, when determination of age is feased on cement layers.
The knowledge of the time at which various parts of the annual growth layer are formed is important both for age determination and for the estimation of death time. It seemed previously that the primary lines in the cement as well as the narrow dark lines in dentine are formed during winter (Klevezal & Kleinenberg, 1967) . A more detailed analysis of the period of formation of various parts in the annual layers in many mammal species has led to the conclusion that the primary incremental lines in cement may develop in various seasons of the year in different mammals, even if they are living in the same territory (Grue & Jensen, 1979) . Data obtained for European bison and their hybrids with cattle show that dark lines form in cement and dark bands in dentine in late autumn and winter. This process is, probably, highly variable individually, since in spring as well as in 'autumn animals were found forming either the translucent or the opaque part of the annual layer of dentine or cement (cf. Fig. 2) .
No differences were demonstrated in the pattern of dentine and cement growth layers between free-ranging bison, bison and hybrids living in reserves and cattle, although the readability of these layers was slightly increasing in this sequence of animal groups. This observation was unexpected, since one might expect that in domestic animals the annual layers would be less readable than in wild ones. The observed slight differences in the readability of the layers might have been also a result of age differences between these groups. Hybrids and cattle were usually younger (4-7 years) than bisons (10-20 years), and it is known that in young animals the layers are less wavy and can be counted more easily.
In our rather small material the possibility was found of using the pattern of the first annual cement layer fqr the determination of birth time of the animal. The "first permanent incisors in bison and cattle erupt usually two years after birth. This occurs, probably, in spring in the animals born in spring, and in autumn in those born in autumn. In most mammals the growth rate progresses more slowly in autumn than in spring and summer. Thus, a tooth erupted in spring can form its root before the autumn-winter season, when the first cement line is formed and reaches the tip of the root. In the teeth erupted in autumn the growth of the root would not be completed till the time of formation of the first cement line, and it would be continued in the next spring. Because of that, the first cement line in that case is not reaching the tip of the incisor root. The obtained results seems to confirm this. This method of estimation of animal birth time cannot be precise because of individual variability in the time of eruption of the permanent incisors (cf. Węgrzyn & Serwatka, 1984) but it may be useful, for example, in ecological studies.
